SUMMARY Three patients presented with encephalopathies: an undiagnosed degenerative disease of the brain, a degenerative cerebral disease in a patient with a myeloma but without a myelomatous deposit in the CNS and a malignant astrocytoma. Perivascular pallidal deposits (vascular siderosis) containing chromium, phosphorus and calcium plus sometimes traces of other elements were present in the three cases. Such deposits were present in the pallidal parenchyma and around vessels in the cerebellum in one case. Calcium and phosphorus are always present in any CNS calcification but the presence of chromium has not been reported. Chromium and its compounds (ingested, injected or inhaled) are toxic to humans and animals in trace doses. Approximately 900 cases of chromium intoxication have been reported and usually have had dermatological or pulmonary lesions (including cancer) but there is no report of involvement of the CNS. Sublethal doses of chromium nitrate injected intraperitoneally in rats and rabbits results in the presence of chromium in the brain. A thorough investigation was made to find the source of the chromium in these patients. Chromium was found to be present in trace amounts in the radiological contrast agents administered to these patients and in the KC1 replacement solution and in mylanta, an antacid, given to one case. The evidence that chromium induced pathological changes in these three brains is circumstantial but shows that chromium can penetrate the human brain. This study indicates that vascular siderosis found in the brains of the majority of middle-aged and elderly humans is not simply an anecdotal pathological curiosity, but that it can serve as a route of entry for toxic products into the brain.
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No report has been found in the medical literature of a case of chromium induced pathology of the human central nervous system. We now describe abnormal deposits (calcifications) containing chromium in three pathological human brains. These cases were examined in great detail: their profession, life style, geographical location, past family and physical histories. Every hospital product they received for therapeutic purposes was analysed. Complete necropsies, general and neuropathological histological examinations, and electron microprobe x ray analysis were done.
Methods of preparation and study of tissue Tissue specimens from the central and peripheral nervous systems, lung, liver, kidney, thyroid, adrenal gland, muscle, pancreas, stomach, small and large intestine of the three cases discussed here were fixed in 10% formol for at least one month and embedded in paraffin, cut in sections 7 pm thick, stained with haematoxylin-eosin, haematoxylin van Gieson, Nissl, PAS, luxol fast blue and Holmes silver stain. Formol fixed specimens were further fixed in 2 5% gluteraldehyde, buffered with 01 N sodium phosphate, postfixed with 1% osmium tetroxide, washed, dehydrated, embedded in Spurr resin medium, cut and stained with 1% lead citrate and 1% uranyl acetate.
Tissue was fixed in 10% formol for 8 to 14 months before preparation for the microanalytical studies reported here. she had a myelogram with 27 ml iophendylate and an hour later there were "hallucinations, extreme agitation, confusion, self-mutilation and constant screaming." The psychiatric diagnosis was senile psychosis. No member of the family, nursing or medical staff had ever previously noted signs of mental disorder. Later that day she developed a volvulus and a variety of medical problems such as renal azotaemia, leucocytosis and thrombocytopenia. The dementia continued and varied in intensity but she improved physically. On 13 February a CT scan was done (with 12 ml of the contrasting medium Conray (iothalamate meglumine). Diffuse brain atrophy and basal ganglia calcification on the right side were noted (fig 1) . On 5 March, 1981 she was operated on and a lumbar protrusion was found to contain necrotic tissue but no tumour. The patient died the next day of post-operative complications. Gross examination of the brain confirmed the scan findings, namely frontal cortical atrophy, dilated ventricles, and calcification in the basal ganglia. The following tissues were examined: cervical and thoracic cord, medulla oblongata, pons, midbrain, diencephalon, basal ganglia, and representative areas from all lobes of the brain, the cerebellum and its nuclei, meninges and nerves from the cauda equina. There were senile plaques in the cerebral cortex in all lobes, and few neurofibrillary tangles. The cytoplasm of numerous neurons and glial cells was distended by lipofusion. There was demyelination in various lobes with gitter cells, in areas where a great many amyloid bodies were present. There was widespread distribution of hyperplastic and hyaline arteriolar sclerosis. Deposits were also present in the parenchyma particularly in the basal ganglia and dispersed in the rest of the brain. Calcified neurons were present in the basal ganglia. Many of the vessels in the globus pallidus and in the cerebellum, contained so-called calcifications or deposits in the wall and around the vessels (vascular siderosis) (fig 2) . Electron microscopy examination revealed myelin bodies in some neurons. Microprobe examination of the various deposits revealed the presence of chromium, phosphorus, calcium, sometimes iron and rarely traces of iodine. The elements were present in the media of the small arteries ( fig 2) ; chromium was also present in the perivascular space, sometimes associated with demyelination: evidence that it had crossed the wall of the vessel. Examination with the electron microscope showed that the intra-and perivascular deposits containing chromium and the other elements were composed of amorphous material woven in a fibrous matrix (fig 3) .
The following organs and tissues were examined: kidneys, lungs, liver, thyroid, small and large intestines, muscle, adrenal gland, pancreas. There was tubular necrosis in the kidney, and pancreatitis. The principal neuropathological findings were: (1) generalised cortical atrophy, (2) hydrocephalus ex vacuo, (3) senile plaques throughout the cerebral cortex, (4) widespread diffuse demyelination with gitter cells, (5) cell loss in the cortex, (6) deposits in and around small blood vessels in the basal ganglia (vascular siderosis) and cerebellum, and in the parenchyma, containing chromium, phosphorus, calcium and traces of iron and iodine, (7) many amyloid bodies in the white matter indicative of fibrous astrocytic pathology, (8) Each of the other photographs shows the distribution ofone element (b = phosphorus, c = calcium, d = chromium) as revealed by an electron microprobe. Note that chromium is present in the perivascular area.
The identification is based on the number ofphotons emitted by an element, expressed as counts per second or per minute, which must be significantly more than that emitted by the background.1 Iron and iodine were sometimes detected in trace quantities in the calcified vessels. The graph (e, next page) illustrates the presence ofa significant amount ofchromium (Katl emission line which measures 2 28970 A). 30 March and died on 6 April, 1981. The tumour was diagnosed as a glioblastoma multiforme. Tissue samples were taken from all the main somatic organs, the brainstem, cerebellum, diencephalon, basal ganglia and all cerebral lobes. The glioblastoma was present in the left temporal lobe invading surrounding areas of the brain. In the areas around the tumour there were petechiae, inflammatory cells, some perivascular inflammatory cell concentration and destruction of tissues. There were mineral deposits in the media of the small arteries in the globus which contained chromium, phosphorus, calcium. There was no chromium in the tumour. The diagnosis was malignant astrocytic tumour, and vascular siderosis with chromium in the deposits in the vascular wall. blood vessels. The role of chromium in the death of patient 2 is difficult to assess. We will review briefly here the following: vascular siderosis, the biological role of chromium and the neurotoxicity of radiological contrast agents.
(1) Vascular siderosis This has been observed in the brains of the vast majority of middle aged and elderly humans seen at necropsy for nearly a century. There is little information concerning the neurotoxicity of chromium in humans. Lehmann and Ule'2 have shown that chromic sutures implanted in the trigeminal nerve for 3 weeks cause circumscribed inflammation and demyelination, axonal swelling and proliferation of Schwann cells. This model for demyelination was the basis of physiological studies of abnormal repetitive action potential generations by Burchiel.'3 Perbellini and DeGrandi'4 reported a case with a vasculopathy and neuropathy localised to the upper limb in a worker exposed to nickel and chromium. Tandon et al's studied the distribution of chromium in poisoned rats and noticed that it was elevated in the brain when compared to other organs. (3) The neurotoxicity of radiological contrast agents Neurological effects are among the most important complications of IV administration of radiological contrast agents such as iothalamate and diatrizoate meglemine (Conray, Hypaque). These include seizures, stroke, cerebral oedema. The toxicity is attributable to the iodine-containing anions but the choice ofcation can modify the toxicity. Iophendylate (Pantopaque) administered intrathecally may cause acute or chronic meningeal reactions. There are no reports in the literature of contrast agents causing the neuropathology seen in our three cases.
In conclusion, it is demonstrated in this report that chromium, a highly toxic element can enter the human brain via the pathological pallidal blood vessels showing vascular siderosis. We do not have firm evidence that chromium caused the pathology in
